The parametric interaction of two high frequency radiations in a focusing field produces a nonlinearly generated, difference frequency radiation that is also effectively focused. An analysis of this phenomenon, utilizing the parabolic approximation of the Helmholtz wave equation, has already been developed. The present paper presents another analytical model which makes the numerical computation much easier compared with the solution of the parabolic equation. The primary sound in the model is roughly assumed to be a spherical wave except in the focal region, where it is assumed to bea plane wave. The difference frequency sound pressure is obtained under the quasi-linear assumption by the volume integration of the radiation from the virtual sources, taking into account the diffraction effect at the difference frequency. The validity of the model is demonstrated through comparison to computed results of the parabolic approximation.
INTRODUCTION
Focusing sound sources are generally used for obtaining intense sound fields at a small point in water.
Practical applications include those found in biomedical ultrasonics and in non-destructive testing.
The parametric interaction of two high frequency radiations in a focusing field produces a nonlinearly generated difference frequency radiation that is also effectively focused. The radiation in the focal region becomes much narrower than that which would be produced by the source transducer were it operating linearly at the difference frequency.
This phenomenon was investigated by B. G. Lucas et a!., 1) who derived an analytical description for the field of the parametric focusing source, using the parabolic approximation of the Helmholtz wave equation.
The present paper presents another analytical model for parametric focusing sources, which makes the numerical computation much easier compared with the solution of a parabolic equation developed by Lucas et al.
Based on the description of the linear focusing sound field,2) the primary in the model is roughly assumed to be a spherically converging wave in the pre-focal region, a plane wave in the focal region, and a spherically spreading wave in the post-focal region. Taking into account the diffraction effect at the difference frequency, the difference frequency sound pressure is obtained under the quasi-linear assumption by the volume integration of the radiation from the virtual sources defined by the primary pressure in each region. The amplitude and phase of the difference frequency sound field, both along the acoustic axis and in the plane perpendicular to the axis, are computed for various values of the primary frequencies, difference frequency, and source dimension. 
Thus the focal value can be evaluated without any numerical integrations. Figure 5 utilizes Eq. (7) to 
DISCUSSION
Numerical computations of the difference frequency sound fields were carried out at various values of the parameters f0, fd, a and D by both the present model and a result obtained from the parabolic equation.1)
Examples of the computed amplitudes and phases of the axial difference frequency sound fields are shown in Figs. 7(a), 7(b) and 7(c) . The parameters of these figures give different values of linear focusing gain of the primary fields G=R0/D, namely G= 58, 18.5, and 9.6 in Figs. 7(a), 7(b) and 7(c) respectively. These results show reasonable agreements between the present model and the result from the parabolic approximation except in the case of very weak focusing, say G< 20. This occurs in spite of a very rough approximation describing the primary fields. In the present model, the length of the focal region is fairly small. Since, in addition, the directivities of the plane virtual sources produced in the The solid curves of Fig. 9 
